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TONER SUPPLY ROX*L» 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a toner supply 
roll for use in an electrophotographic apparatus such 
as a copying machine, a printer or a facsimile machine. 
Description of the Art 

In an image forming apparatus such as a copying 
machine, a printer or a facsimile machine, an image 
forming operation is performed, as shown in Fig. 3 r by 
forming an electrostatic latent image of an original 
image on a surface of a photoreceptor drum 12, causing 
a toner to adhere on the electrostatic latent image to 
form a toner image, transferring the toner image onto 
a sheet, and fixing the toner image on the sheet. For 
the formation of the toner image, a predetermined toner 
(developer) is supplied onto a surface of a developer 
roll 17 from a toner box (not shown) by a toner supply 
roll 11, and then transferred onto the surface of the 
photoreceptor drum 12 from the surface of the developer- 
roll 17. The thickness of a layer of the toner formed 
on the developer roll 17 is controlled by a layer 
formation blade 18. A portion of the toner remaining 
on the surface of the developer roll 17 is scraped by 
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the toner supply roll 11 thereby to be fed back into the 
toner box. Thus, the toner supply roll 11 is essential 
for a full color image forming apparatus. 
Conventionally, the toner supply roll 11 includes a shaft 
and a urethane foan layer provided on an outer peripheral 
surface of the shaft. 

For evaluation of the toner supply roll 11, it is 
a conventional practice to measure the outer dimensions 
of the toner supply roll 11 by means of a laser beam. 
Further, the hardness of the urethane foam layer is also 
measured for the evaluation of the properties of the 
toner supply roll (see, for example, Japanese Unexamined 
Patent Publication No. 9-274373 (1997)}. 

However, a toner supply roll judged to have little 
numerical variation in dimensions and in hardness by the 
aforesaid evaluation methods is often determined, to be 
inferior and unacceptable when actually used for image 
formation. That is, it is impossible to accurately 
predict whether a toner supply roll which satisfies 
dimensional and hardness requirements as judged by the 
conventional evaluation methods, is liable to cause the 
imaging failure when used for image formation. Hence, 
it is desirable to define an additional property 
requirement for a toner supply roll for assuredly 
preventing imaging failure. 
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In view of the foregoing, it is an object of the 
present invention to provide a toner supply roil which 
is free from the occurrence of imaging failure and a 
method for determining the same. 
SUMMARY OF THE INVENTION 

According to the present invention to achieve the 
aforesaid objects, there is provided a toner supply roll 
comprising a shaft and at least one layer provided on 
an outer peripheral surface of the shaft, the at least 
one layer comprising an outermost urethane foam layer 
which satisfies the following: when the urethane foam 
layer is compressed to a depth of 1mm from an outermost 
surface thereof during compression thereof to a depth 
of 2mm, a stress F c occurs in the urethane foam layer and 
when the urethane foam layer is decompressed to a depth 
of 1mm after the compression thereof to a depth of 2mm, 
a stress Fx occurs in the urethane foam layer, the 
urethane foam layer satisfies a relation represented by 
the following expression (1) at a temperature of 23±3' 
C at a humidity of 50±10%: 

Fx/F 0 >0. 7 (1) 
the stresses F x and F 0 being expressed by a unit of Pa. 

The subject invention further comprehends a 
method for determining whether a toner supply roll may 
be free of imaging failure, the method comprising 
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measuring the stresses F 0 and F x in accordance with the 
above procedure and evaluating the roll in accordance 
with expression (1) above. 

In view of the fact that the conventional 
evaluation methods involving measurements of the 
dimensions and the hardness of the toner supply roll fail 
to properly and accurately evaluate a toner supply roll 
for possible imaging failure in the formation of a copy 
image or the like, the inventors of the present invention 
conducted intensive studies to find an additional 
property requirement for a toner supply roll to help 
predict possible imaging failure- The inventors 
investigated the cause of the imaging failure associated 
with the toner supply roll, and found that a toner supply 
roll fails to uniformly supply a toner onto a developer 
roll if the outermost urethane foam layer thereof has 
a low shape recovery rate. On the basis of this finding, 
the inventors further conducted studies on the shape 
recovery (shape recovery rate) of a toner supply roll. 
As a result, the inventors discovered that a toner supply 
roll is free from the occurrence of the imaging failure 
if a stress F 0 occurring in the urethane foam layer when 
the urethane foam layer is compressed to a depth of 1mm 
from an outermost surface thereof during compression 
thereof to a depth of 2mm and a stress Fi occurring in 
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the urethane foam layer when the urethane foam layer is 
decompressed to a depth of 1mm after the compression 
thereof to a depth of 2mm, satisfy the aforesaid relation 
(1) under the aforesaid conditions . Thus, the inventors 
attained the present invention. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view illustrating an 
exemplary toner supply roll according to the present 
invention; 

Fig . 2 is a sectional view for showing an exemplary 
production method for the toner supply roll according 
to the present invention; and 

Fig. 3 is a diagram illustrating a developing 
section of an image forming apparatus. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention will hereinafter be 
described in detail by way of an embodiment thereof. 

A toner supply roll according to the present, 
invention may have a single layer structure, for example, 
which includes a shaft 1 and a urethane foam layer 2 
provided on an outer peripheral surface of the shaft 1 
as shown in Fig. 1. 

The structure of shaft 1 is not particularly 
limited, but may be a solid metal core shaft or a hollow 
cylindrical rnetal shaft having a hollow interior. The 
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shaft 1 may be composed of a stainless steel, aluminum 
or plated iron. 

A urethane material for the urethane foam layer 
2 may contain a polyol and an isocyanate. 

The polyol is not particularly limited, as long 
as it is of the type generally used for a urethane material . 
Examples of the polyol include olefin polyols such as 
polyether polyols, polyester polyols, polycarbonate 
polyol s r polycapro lactone polyols , polybutadiene 
polyols and polyisoprene polyols, which may be used 
either alone or in combination. 

The isocyanate is not particularly limited, as 
long as it is a polyisocyanate having two or more 
functional groups. Examples of such isocyanates 
include tolylene di i socyanat e (TDD (a 2,4-isomer, a 
2 , 6- isomer or a mixture of 2,4- and 2 , 6-isomers) , 
hexamethylene diisocyanate (HDI), 4 , 4 ' -diphenylme thane 
diisocyanate (MDI), carbodiimide-modif ied MDI, 
polymeric polyisocyanate, o-toluidine diisocyanate 
(TODI), naphthylene diisocyanate (MDI) , xylylene 
diisocyanate (XDI) and polymethy lene 

polyphenylisocyanate, which may be used either alone or 
in combination. Among these isocyanates, tolylene 
diisocyanate (TDIJ is preferred for the reduction of the 
hardness of the urethane foam layer. 
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The amount of the isocyanate with respect to the 
polyol is preferably 90 to 120, more preferably 100 to 
110 as expressed as an isocyanate index (NCO index) . The 
NCO index is herein defined as the equivalent of the 
isocyanate based on 100 equivalents of the total of 
materials containing isocyanate-react ive hydroxy 1 
groups . 

In addition to the polyol and the isocyanate, one 
or more of an electrically conductive agent, a foaming 
agent, a catalyst, a foam stabilizer, an anti-oxidant, 
a colorant and a flame retarder may be added to the 
urethane material as necessary. 

An ion conductor or an electron conductor may be 
employed as the electrically conductive agent. 

Examples of the ion conductor include quaternary 
ammonium salts, phosphoric esters, sulfates, borates, 
phosphates, aliphatic polyvalent alcohols, and sulfates 
of aliphatic alcohols, which may be used either alone 
or in combination. 

Examples of the electron conductor include 
powdery metals such as aluminum powder and stainless 
steel powder, electrically conductive metal oxides such 
as c-ZnO, c-Ti0 2 , c-Fe30 4 and c-Sn0 2 , and powdery electric 
conductors such as graphite and carbon black, which may 
be used either alone or in combination. The prefix "c-" 
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used above means "electrically conductive". 

The electrically conductive agent is preferably 
present, in the urethane material in a proportion of 0.01 
to 10 parts by weight (hereinafter referred to simply 
as "parts"} , more preferably 0.1 to 5 parts, based on 
100 parts of the polyol (base polymer) of the urethane 
material . 

A preferred example of the foaming agent is water. 
Water as the foaming agent is preferably present in the 
urethane material in a proportion of 0.3 to 2,5 parts 
based on 100 parts of the polyol. 

Examples of the catalyst include a tertiary amine 
catalyst and an organic metal compound. 

Specific examples of the tertiary amine ceit&lyst 
include: monoamines such as trie thy lamin.e (TEA) , 
N , N-dimethy lcyclohexyl amine ( DMEDA) ; diamines such as 
N, N, N' , N' -tetramethyl ethylene diamine (TMEDA) ; 
triamines such as N, N, N' , N", N"-pentame thyldie thy lene- 
triamine (PMDETA); cyclic amines such as 
triethylenediamine (TEDA) ; alcoholamines such as 
dimethylaminoet hanol (DMEA) ; and etheramines such as 
bis ( 2-dimethylaminoethyl ) ether (BDMEE). These amine 
catalysts may be used either alone or in combination. 

The tertiary amine catalyst is preferably present 
in the urethane material in a proportion of 0.1 to 3 parts 
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based on 100 parts of the polyol . 

Specific examples of the organic metal compound 
include stannous octoate, dibutyltin diacetate, 
dibutyltin dilaurate and dibutyltin thiocarboxylate, 
which may be used either alone or in combination. 

The organic metal compound is preferably present 
in the urethane material in a proportion of 0,05 to 0.5 
parts based on 100 parts of the polyol. 

Examples of the foam stabilizer include silicone 
based foam stabilizers ( pol yoxya 1 kylene- 

dimethylpolys i loxane copolymers) and non-silicone based 
foam stabilizers. 

The toner supply roll according to the present 
invention is produced, for example, in the following 
manner. As shown in Fig. 2, a mold 20 is prepared, which 
includes a cylinder 21 having substantially the same 
length as the axial length of the urethane foam layer 
of the toner supply roll, and caps 22, 23 for closing 
the opposite ends of the cylinder 21, While the shaft 
1 is positioned within the cylinder 21 of the mold 20, 
the opposite ends of the cylinder 21 are closed with the 
caps 22 and 23 with opposite ends of the shaft 1 being 
supported by the caps 22 , 23. Thus, a cavity 24 which 
provides the final shape of the intended urethane foam 
layer is defined within the cylinder 21. After a 
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premixed polyol is prepared by mixing the polyol and the 
electrically conductive agent and, as required, the 
catalyst, the foaming agent and the foam stabilizer, the 
isocyanate is mixed with the premixed polyol. The 
resulting mixture is injected into the cavity 24 of the 
mold, and heated in an oven at a predetermined 
temperature (for example, at about 60' C) for a 
predetermined period (for example, about 30 minutes) to 
thereby foam and cure the mixture- Thereafter, the 
resulting product is unmolded. Thus, the toner supply 
roll of a single layer structure is provided which 
includes the shaft 1 and the urethane foam layer 2 
provided on the outer peripheral surface of the shaft 
1 as shown in Fig. 1. 

The urethane foam layer typically has a thickness 
of 2mm to 8mm, preferably 3mm. to 6mm, 

The structure of the inventive toner supply roll 
is not limited to the single layer structure shown in 
Fig. 1, but the toner supply roll may be of a multi- 
layer structure including two or more layers. In the 
case of the toner supply roll of the multi-layer 
structure, however, at least the outermost layer should 
be the urethane foam layer. 

The inventive toner supply roll should satisfy the 
following property requirement. More specifically, a 
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stress F 0 occurring in the urethane foam layer of the 
toner supply roll when the urethane foam layer is 
compressed to a depth of 1mm from an outermost surface 
thereof during compression thereof to a depth of 2mm and 
a stress t\ occurring in the urethane foam layer when the 
urethane foam layer is decompressed to a depth of 1mm 
after the compression thereof to a depth of 2mm, are 
measured at a temperature of 23±3 C at a humidity of • 
50±10%. On the bases of the stresses Fi and F 0 thus 
measured, a value Fi/F 0 is calculated, which should 
satisfy a relation represented by the following 
express ion ( 1 ) : 

Fi/F 0 >0.7 (1) 
wherein the stresses Fi and F 0 are expressed by a unit 
of Pa. For the measurement of the stresses Fi and F 0r 
a meter MODEL1605 {available from Aikoh Engineering Co. f 
Ltd.) may be employed. 

When the inventive toner supply roll satisfying 
the relation represented by the expression (1) above is 
actually incorporated for evaluation in one of any of 
various electrophotographic apparatuses for image 
formation, the toner supply roll provides an excellent 
evaluation result. Thus, the inventive toner supply 
roll has excellent properties. 

Next, an explanation will be given to examples and 
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comparative examples . 

Prior to the explanation of the examples and the 
comparative examples, ingredients employed for 
formation of urethane foam layers of toner supply rolls 
will be described below. 
Tri-functional po 1 yo 1 

EP240 available from Mitsui Chemicals 
Curing cat al yst 

KAORIZER No. 31 available from Kao Corporation 

Foaming agent- 

Water 

Foam, gtabil i zer 

Silicone based foam stabilizer (L5366 available from 
Nippon Uniker Co., Ltd.) 



2,4-tolylene diisocyanate (TDI-100 available from 
Mitsui Chemicals ) 
Ion conductor 

Quaternary ammonium salt (A902 available from Japan 
Carlit Co . , Ltd . ) 
Exampl s L 

A urethane material was prepared by mixing the 
ingredients in proportions as shown in Table 1, and a 
toner supply roll was produced in the manner described 
above with reference to Fig. 2* More specifically, a 
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mold as shown in Fig. 2 was first prepared, and a metal 
core shaft 1 (having a diameter of 5 mm and composed of 
SUS304) was placed within a cylinder 21 of the mold. A 
premixed polyol was prepared by blending the polyol, the 
electrically conductive agent, the curing catalyst, the 
foaming agent and the foam stabilizer in a ratio as shown 
in Table 1, and then mixed with the isocyanate in a 
predetermined ratio. A suitable amount of the resulting 
mixture was injected into the cavity 24 of the mold, and 
heated in an oven at 60 * C for 30 minutes to thereby foam 
and cure the mixture . Thereafter, the resulting product 
was unmolded. Thus, a. toner supply roll of a single layer 
structure was produced, which the roll including a 
urethane foam layer (having a thickness of 4mm) provided 
on the outer peripheral surface of the shaft (see Fig. 
1) - 

Exampl BP . 2 .,.. and 3 frnd Comparative Example s l to 3 

Toner supply rolls were produced in substantially 
the same manner as in Example 1, except that the 
ingredients were blended in ratios as shown in Tables 
1 and 2 ♦ 
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Table 1 (Parts) 





Example 




a 


2 


3 


Tri- functional polyol 


100 


100 


100 


Curing catalyst 


0 . 5 


0 . 5 


0 . 5 


Foaming agent (water) 


1 . 5 


1 . 5 


1 . 5 


Foam stabilizer 


1 


1 


1 


Isocyanate 


0 . 5 


0 . 3 


0 . 5 


Ion conductor 


1 . 5 


1 . 5 


1 . 5 


N CO index 


105 


105 


104 


Table 2 




(Parts) 




Comparative Example 




1 


2 


3 


Tri-f unction a 1 polyol 


100 


100 


100 


Curing catalyst 


0 . 5 


0 . 5 


0 . 5 


Poaniincf n p n 1~ f w ?i f p r 1 


1 . 5 


1 . 5 


1 . 5 


Foam stabilizer 


1 


1 


1 


Isocyanate 


1 . 5 


1 . 4 


1 . 5 


Ion conductor 


1 . 5 


1 . 5 


1 - 5 


NCO index 


103 


103 


102 



The toner supply rolls of the examples and the 
comparative examples thus produced were each evaluated 
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for the following characteristic properties in the 
following manners. The results are shown in Tables 3 
and 4 . 

Shape ^covp.ry 

A stress F 0 occurring in the urethane foam layer 
of the toner supply roll when the urethane foam layer- 
was compressed to a depth of 1mm from the outermost 
surface thereof during compression thereof to a depth 
of 2mm and a stress Fx occurring in the urethane foam layer 
when the urethane foam layer was decompressed to a depth 
of 1mm after the compression thereof to a depth of 2mm 
were measured at a temperature of 23 * C at a humidity of 
50% . On the bases of the stresses Fi and F 0 thus measured, 
a value Fi/F 0 was calculated- For the measurement of the 
stresses Fx and F 0 , a meter MODEL1605 (available form 
Aikoh Engineering Co. , Ltd.) was employed. 
Roll dimfins j nn 

The outer diameter and fluctuation, of the toner 
supply roll were measured at three points by means of 
a dimension meter LS-5000 (available from Keyence 
Corporation) by rotating the roll at 48 rpm. 
Hardness of roll (load required to compr ess ml 1 to dppi-.h 

izl 1mm) 

For the determination of the hardness of the 
surface of the toner supply roll, a load required to 
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compress the urethane foam layer to a depth of 1mm was 
measured by lowering a probe at a rate of lOmm/sec by 
means of a meter MODEL1605 (available from Aikoh 
Engineering Co., Ltd.). 
Occurrence o f ghost 

The toner supply roll was incorporated in a laser 
beam printer, and an image obtained after 5000 sheets 
were printed was evaluated. 
Density incon sistency 

The toner supply roll was incorporated in a laser 
beam printer for image formation with the use of 
nonmagnetic s ingle -component color toners, and allowed 
to stand under low-temperature and low-humidity 
conditions (15' Cxl0%) for three days . Thereafter, 5000 
sheets printed with a print ratio of 5% were outputted. 
Then, images formed on the basis of various densities 
and patterns at the initial output and after the output 
of the 5000 printed sheets (endurance test) were compared 
with each other for evaluation. In Tables 3 and 4, a 
symbol O indicates that the uniform images were obtained 
without density inconsistency, and a symbol X indicates 
that the images suffered from density inconsistency. 
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Table 3 





Example 


1 


2 




Stress Fo (Pa) 


2 . 0x10 s 


2 . 2xl0 6 


1 . 9x10* 


Stress Fi (Pa) 


1 . 7xl0 6 


1 . 65xlO e 


1 . 58xl0 6 


Fi/Fo value 


0-85 


0.75 


0.83 


Roll dimension (mm) 


14.030 


14.025 


14.055 


Load (g) required to 
compress roll to depth of Irom 


14 3 


165 


127 


Occurrence of ghost 


No 


No 


MO 


Density inconsistency 


O 


O 


o 


Table 4 




Comparative Example 


1 


2 


3 


Stress F 0 (Pa) 


2 . OxlO 6 


2 . 1x10 s 


1 . 9xl0 6 


Stress Fi (Pa) 


1 . 3x10 s 


1 . 3x10 s 


1 . 3xl0 6 


Fi/Fo value 


0 . 65 


0 . 62 


0 .68 


Roll dimension (mm) 


14.065 


14.057 


14.066 


Load (g) required to 
compress roll to depth of 1mm 


145 


150 


130 


Occurrence of ghost 


No 


NO 


NO 


Density inconsistency 


X 


X 


X 



As can be understood from the results shown in 
Tables 3 and 4 , the toner supply rolls of the examples 



18 



each had a proper roll dimension and hardness (load 
required to compress the roll to a depth of 1mm) , and 
satisfied the relation Fi/F 0 >0.7 in the evaluation of the 
shape recovery. The results of the evaluation of the 
image formation were excellent. 

The toner supply rolls of the comparative examples 
each had a proper roll dimension and hardness (load 
required to compress the roll to a depth of 1mm) , like 
the toner supply rolls of the examples, but did not 
satisfy the relation F x /F 0 >0.7 in the evaluation of the 
shape recovery. The results of the evaluation of the 
image formation were not excellent. 

As described above, the inventive toner supply 
roll is constructed such that the stress F 0 occurring in 
the urethane foam layer when the urethane foam layer is 
compressed to a depth of 1mm from the outermost surface 
thereof during the compression thereof to a depth of 2mm 
and the stress Fi occurring in the urethane foam layer 
when the urethane foam layer is decompressed to a depth 
of 1mm after the compression thereof to a depth of 2mm 
satisfy the relation represented by the aforesaid 
expression (1) under the aforesaid measurement 
conditions. The inventive toner supply roll satisfying 
the aforesaid relation has excellent properties and is 
free from the occurrence of the imaging failure. The 
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inventive toner supply roll is unlike a conventional 
toner supply roll which only .satisfies the dimensional 
and hardness requirements as judged by conventional 
evaluation methods taut may be liable to cause the imaging 
failure when actually used for image formation. 



